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IHTRODgCTIOH

The term "systemic insecticide" was given to any
componnd that is readily absorbed by a growing plant and
translocated in the sap streaim of the plant in an amount
sufficient to render the plant toxic to insects that
feed on it.

Since the development of synthetic organic

systemic insecticides in Germany during World War II,
research has been conducted in many countries to deter¬
mine the effectiveness of these c(»pounds.
Much of the research has dealt with the control of
aphids, mites, and other sucking insects on vegetables,
fruits, grains, and other crops of economic value.

How¬

ever studies on the metabolism, degradation products,
and other residues of systemic insecticides in edible
portions of the plants has not met various governmental
requirements.

These insecticides, then, have not been

approved for general application on any plant which will
be eaten by mammals.
Little research has been reported on the utilization
of systemic insecticides for control of insects attack¬
ing ornamental trees and shrubs.

The iiQ>ortant property

of systemic insecticides is their ability to be absorbed
and translocated in plants.

These insecticides have cer¬

tain advantages c(»ipared to conventional insecticides
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for control of some Insects attacking deciduous and coni¬
ferous plants*

Their use may decrease spray coverage

and decrease the cost of application.

Translocation of

the toxicant in the sap stream may provide control of
certain pests whose habitat prevents them from being
reached >by conventional treatments*

New plant growth

that develops after treatment with the insecticide may
be protected from insect attack*

By using selective

insecticides such as systemics, it may be possible to
make applications to parts of plants not frequented by
beneficial species and thus reduce injurious populations
of plant feeding pests without killing the predators or
parasites*
The purpose of

this research, a preliminary in¬

vestigation of the subject, has been to enlarge the knowl¬
edge of the effectiveness and utility of systemic in¬
secticides*

The information presented will give an

indication of the potential use of systemic insecticides
for the control of some insects attacking ornamental
trees and shrubs*

It may also point out further gaps

in our knowledge which can be investigated in further
research

LITERATUBE REVIEW
Plants may be subjected to treatment with insecticides
in the control of certain insects.

As an active substrate,

the plant may absorb and translocate these chemicals in
varying amounts.

This ability of plants has led to the

development of systemic insecticides.
The available information on the absorption and
translocation of insecticides can be divided according
to the chemical nature of these compounds.

Before dis¬

cussing the synthetic organic insecticides, some of the
older type materials such as oils, botanicals, and in¬
organics, will be briefly mentioned.
Mineral oils readily enter leaf stomata or penetrate
the plant epidermis.

When serving as insecticide car¬

riers, they thus transport the dissolved materials into
the plant.

Specialized plant structures may allow rapid

penetration, such as occurs through the lipoidal citrus
epidermis, or fruit lenticels, or wound tissue.

Oils

are eventually translocated to parenchymatous areas
where the phytotoxic materials may act readily.

Pure

oil applications penetrate more readily than oil emul¬
sions.

Little information is available on the entry of

animal or vegetable oils into the plant.

Impurities or

insecticides dissolved in the oils may be very phytotoxic.
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since the carrier oil readily delivers the toxicant to
a site of high plant metabolic activity (Brown 1951)*
Among the botanicals, Fulton and Mason, 1937, re¬
port that derris constituents may be absorbed and trans¬
located from dusted bean foliage to untreated new leaves
in sufficient amounts to be somewhat insecticidal to
Mexican bean beetle larvae.

However, more recent studies

by Pagan and Morris, 1953> show that residues of derris
powders and water suspensions of derris powders lose
their toxicity almost completely within ten days.

This

loss of toxicity is due to decomposition or other chemi¬
cal changes on the surface of the treated plants and not
to absorption and translocation.
Soluble arsenic penetration into the foliage has
necessitated the use of insoluble arsenic compounds for
plant treatment.

The principal problem resulting from

arsenic penetration is the high degree of resulting
phytotoxicity.

Absorbed arsenic from aerial application

is mainly deposited in the leaves, with only traces ap¬
pearing in the seed or being translocated downward to
the roots (Caslda & Allen 1952).
McLean et al, 1944, report that arsenic absorption
by individual crops growing on arsenic treated soils
was directly related to the quantity of arsenic in the
soil.

The absorbed arsenic tends to accumulate in

-5greater quantities in the tops of plants rather than in
the roots.
I

Dimentjew, 1914-, applied solutions of barium chlo¬
ride 1j350 and potassium arsenite 1:350 to apple trees
by soil drench and practically eliminated Erisoma after
ten days.
DeLong et al, 1930, placed roots of bean plants in
different concentration of copper sulfate solutions and
allowed leafhoppers to feed on these plants.

A high

rate of mortality was obtained in these tests and copper
was found by chemical tests to be present in the plant
juices of these leaves.
Hurd-Karrer and Poos, 1936, placed aphids on wheat
plants which had been supplied with concentrations of
selenium greater than 3 parts per million.

All died

within a few days while those exposed to lower concen¬
tration lived for as long as a week.

Similar results

were obtained with red mites.
Reports from the Waltham Field Station indicate
that sodium selenate will control red spider, aphids,
cyclamen mite, chrysanthemum midge, foliar nematode,
and is partially effective against thrips and leaf-tier.
The selenate has been used successfully on carnations,
chrysanthemum, snapdragons, sweet peas, and lilies.

It

has not been found entirely satisfactory on woody stemmed

6
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such as roses or gardenias.♦
Sodium fluoroacetate has been reported by David,
1950, as being a highly effective systemic insecticide,
whether applied to the leaves or roots of broad beans.
It appears not to injure the plants at several times
the concentration necessary for insecticidal action.
The high mammalian toxicity of fluoroacetate greatly
limits its practical use as a systemic insecticide.
Sanford, 1914-, placed crystals of potassium cyanide
in holes bored in trunks of trees and reported that
after two days cottony cushion scale began to fall
from the tree and in a few days all appeared dead.
Others hatched and attacked the tree but lasted only
a short time.
Shattuck, 1915j completely saved a large grove of
thrifty elm and black locust from attacks of boring and
girdling insects by means of injected potassium cyanide.
Flint, 1915? and Craighead and St. George, 1930,
report that injections of potassium cyanide had no ef¬
fect on boring insects.

In general, the brood mortality

occurred only in a narrow strip about the point or points
of injection.

It was obvious that thorough lateral

^Mimeographed paper, Waltham Field Station.

-7distribution of chemical was needed.
Synthetic organic insecticides may be divided into
the chlorinated hydrocarbons and organic phosphates.
Such division, however, overlooks such compounds as the
dinitros and fluorohydrins.

Of the dinitrophenols,

5-dlnitro-o-cresol may penetrate the epidermis directly
or may diffuse as a gas through the stomata, the prin¬
cipal hazard being the resulting phytotoxicity (Casida
& Allen 1952).

Of the fluorohydrins, bis (fluoroethoxy)

methane, bis (2-fluoroethyl) ether, and bis (2-fluoroethoxy) thoxyl methane are readily absorbed from the
soil and translocated in insecticidal amounts without
harm to the plant, but their high mammalian toxicity
limits their usefulness (Schrader 194-7)*
Of the chlorinated hydrocarbon insecticides DDT
has probably received the most attention in respect to
absorption and translocation by plants.

Terriere and

Ingalsbe, 19?3, indicate that there is no evidence
available that DDT may be absorbed or translocated in
more than trace amounts of vegetable plants under normal
field conditions.
Casida and Allen, 1952, report that with certain
tropical foliage, the absorption of DDT in a carrier oil
directly through the cuticle may be so great as to leave
little surface residual material, and this absorbed material

may be translocated both up and down in small amounts
into the stems and roots.

Huffaker, 1948, indicates

that translocation in insecticidal concentrations may
be achieved by threading a wick soaked in a solution of
DDT: polyethylene glycol water suspension through plant
tissue.

These two examples are special cases, and it

should be emphasized that DDT is not normally transloca¬
ted in amounts large enough to be of value.
Benzene hexachloride appears to be absorbed and
translocated in sufficient amounts to be a hazard.

Ab¬

normal flavors resulting in certain crops grown in BHC
treated soil furnished evidence that this material is
translocated.

Starnes, 1950, reports that the presence

of the toxicant is indicated by mortality of potato
tuber worm larvae when potato tubers are grown in soil
containing 10 pounds per acre of the gamma isomer of BHC
Chemical analysis Indicated that the plant above ground
and the tubers contained appreciable amounts of the ma¬
terial.
Among the other chlorinated hydrocarbons, toxaphene
chlordane, aldrin, and dieldrin may also be taken up in
a limited way.

Terriere and Ingalsbe, 1953? believe the

low water solubility of these compounds makes transloca¬
tion in large amounts Improbable.
Parathion, an organic phosphate insecticide, has

-9been noted to kill a vairiety of Insects on aerial portions
of plants when applied to the soli.

Granger and Leiby,

194-9, report that parathion 15 per cent wettable powder
Is translocated to nastnrlim, bean, and squash plants
grown from seed and to potato plants grown frca tuberswhen it is introduced into the soil before or at the
tine the seeds are planted.

The translocation is suf¬

ficient to cause a mortality of some insects placed on
the growing plants.
Questal and Connln, 194-7, used soil application of
aqueous solutions of parathion on corn and report that
two weeks later all European corn borer larvae feeding
on either leaves or stalks were killed.

The results

Indicate that the toxic agent or sone derivatiwes of
it was absorbed by the roots and was circulated through
the plants.
Vainiev, 1951, found that when parathion was applied
in water to the basal part of wheat leaves, all aphids
on the leaves disappeared in twenty-four hours and when
it was applied to stems, the aphids disappeared from
the whole plant in one to three days.

Applications to

the top of the leaves had no effect on aphids on the
lower parts.
Smith and Clifford, 1950, conducted greenhouse and
field tests on the translocation of parathion from

10-
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follage applications and the results Indicate that in
some vegetables parathion may be translocated from
treated foliage, but only in minute quantities*
Not all of the toxic phosphorus compounds have
systemic activity, in fact, only a small number have
this property.

By definition, systemic insecticides

are chemicals absorbed and translocated by actively
growing plants in sufficient amount to kill insects
feeding at a site distant from the point of applica¬
tion.

Casida and Allen, 1952, state that a systemic

insecticide must be absorbed readily through leaf or
root cuticles from an aqueous medium, and must be suf¬
ficiently stable and toxic within the plant to provide
prolonged protection against harmful insects.

Although

a high degree of water solubility is desirable, it is
not essential.

The absorbed material must have a high

toxicity for insects but not for mammals or plants.
Ripper et al, 194-9j found Schradan to be toxic as
a systemic material to several species of aphids and
mites, two species of leafhoppers, a species of white
fly and mealy bug.

Later Ripper et al, 1950, reported

that on field crops about 5 to 6 per cent of the applied
spray was absorbed per hour, and uptake was best in
leaves just fully opened, not so good in younger leaves,
and still less in leathery, old leaves.

Dry, hot

11-
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weather is more favorable for absorption than humid con¬
ditions.
Ivy et al, 1950, found that 8 to 10 pounds of
Schradan per acre as a soil drench was needed for control
of cotton aphid on cotton plajits whereas 1 pound of the
toxicant per acre as a plant spray gave the sani-e control.
At 25 pounds per acre soil applications were effective
for 7*5 months.

Cottonseed soaked for 2 hours with 0.5>

1, and 2 per cent solutions of Schradan resulted in ef¬
fective kill of the pests on the developing seedlings
for 35 days after treatment.
Anderson and OssianniIsson, 1951) showed that solu¬
tions of Schradan in field experiments did not protect
crucifer seedlings against flea-beetles or Iferzus uersicae
(Sulz), oats against fruit fly, or oats against
mcroalphum uisum (Kaltenbach) but Schradan gave almost
coi^lete control of M. piaua on peas and M. persicae on
broad beans infested _a.month after sowing.
Translocation studies by Metcalf and March, 1952,
made by applying Schradan in water culture to the roots
of lemon seedlings showed a uniform distribution of
Schradan throughout the various parts of the plant.

On

a weight basis, the leaves accumulated more Schradan
than roots or steins.

Translocation was appreciable in

all directions from the source of application but appeared
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to be greatest in the direction of the most rapidly
growing leaves.

Applications of Schradan to lemon

leaves were rapidly absorbed, and about 50 per cent pene¬
trated to the interior of the leaves within 48 hours.
When a single leaf was treated, from 0.1 to 1 per cent
of the total dosage passed to other leaves of the plant
within 17 days.
David, 19?0, Indicates that systemic material is
absorbed more slowly from soil than from pure sand.

In

both cases, the concentration per gram of tissue was
highest in the leaves on the middle part of the stem.
Much more was translocated to leaves younger than those
treated than to leaves older than those treated.
Bronson and Dudley, 1951? showed in greenhouse
tests that Schradan was toxic to the pea aphid when solu¬
tions were sprayed on pea plants, poured on the soil in
which the plants grew, and when pea seeds were treated
before being planted.

In field tests, pea plants sprayed

with solutions of Schradan proved highly toxic to the
aphid.

When pea seed was treated before being planted,

Schradan provided significant control of the pea aphid
for approximately 6 weeks.
Mlchelbacher and Bacon, 1953? produced effective
control of the walnut aphid for the entire season by a
single application of Systox at 0.62 pounds of actual

-13ingredient per acre.

With the Systox treatments there

was no marked increase in the aphid population until
the crop was nearly ready for harvest.

The increase

late in the season was in proportion to the amount of
active material applied.

Although aphids could not live

on the old foliage until late in the season, migrating
adults were able to establish colonies to varying de¬
grees on new growth after six weeks.
Ortega, 1953> effectively controlled the European
red mite on walnut for a complete season with Systox at
1 pint per 100 gallons of water.

At lower dosages it

was not effective in the control of the mite but re¬
sulted in adequate aphid control for about 8 weeks,
which is substantially better than can be expected from
any of the presently available materials.
In the United Kingdom, Hogan, 1953} reports that
Schradan is widely used for the control of the straw¬
berry aphid, Capitophorus fragariae (Theob) to prevent
the spread of virus transmitted by this insect.

Two

applications, one in mid May and the other at the end
of June, have proved successful in extending the life
of strawberry plantings by reducing the onset of virus.
Reynolds et al, 1953? report excellent mite and
aphid control on cotton with dosages of Systox as low
as 3 ounces per acre.

A few days after treatments with

-14Systox the populations were virtually wiped out*

Be¬

cause of its high toxicity, rapid action and prolonged
effectiveness Systox can control heavy mite populations,
whereas most of the materials used previously serve most
effectively only when applied early in the mite infesta¬
tion.
Jeppson et al, 1952, applied Systox to trunks of
citrus trees and found a high mortality of citrus red
mite on the leaves and fruit, and some mortality of the
citrus bud mite in citrus buds.

Systox applications

made from May to December to the foliage, trunk or soil
around mature lemon trees indicate that (1) soil appli¬
cations are a very inefficient method of applying Systox
to citrus trees as compared to spray or trunk treat¬
ments; (2) spray and trunk applications made from May
to November are more effective against mites than foli¬
age sprays when applications are made from May to Octo¬
ber, but are ineffective from November through the win¬
ter months.

It appears that absorption and translocation

of Systox are dependent on the physiological activity
of the trees*
Outright, 1953> applied Systox 4 ounces per 100
gallons of water to infested apple foliage and reported
100 per cent mortality of rosy apple aphid in curled
leaves*

A similar dosage gave 100 per cent kill of

-15apple aphid in 48 hours and at 120 hours.

Numerous other

experiments with Systox indicate its high efficiency as
an aphicide.

Results with Systox as a concentrate spray

have been equally or even more impressive as a means of
controlling aphids infesting apples.
For best results systemic insecticides should be
applied on young growing plants during dry, warm weather.
Treatments of older plants that are being cut back should
be made when the new growth is elongating (Smith and
Fulton 1951).
Jeppson, 1953? reports that the use of systemic
insecticides will be limited to non-food crops until it
is established that either the insecticide itself or
decomposition products resulting from chemical reactions
within the plant are not chronically toxic to mammals.
Jeppson further states that there is no greater toxic
risk from systemic insecticides than from surface in¬
secticides of equal toxicity and their use will ultimately
be restricted no more than has been the case with sur¬
face insecticides.

SYNTHETIC ORGANIC SYSTEMIC INSECTICIDES

Historical Review
About 193? Gerhard Schrader of the Farbenfabrlken
Bayer Company at Leverkusen, Germany found certain deri¬
vatives of beta fluoroethyl alcohol to have strong In¬
secticidal action (Schradan 194*7)•

These compounds,

however, possessed high volatility and were limited In
their effectiveness as agricultural pesticides.
Schrader than prepared condensation products of
certain aldehydes with beta fluoroethyl alcohol and Its
derivatives.

These readily prepared acetals were dis¬

tinguished by their strong contact Insecticidal effect.
Surprisingly, they also showed a new kind of effect.
Schrader and his entomologist co-worker were able to
show that these acetals penetrated Into young growing
plants, and there remained unchanged In the systems of
the plants for several weeks (Schrader 194-7)•

This Is

believed to be the first discovery of systemic action
of a synthetic organic Insecticide.
Later Schrader produced the fluorides of organic
phosphorus compounds.

These chemicals proved to be

most promising as Insecticides.

These complex compounds

were Intensively studied from 1936 on, and over two
thousand new compounds were synthesized.

-17In 194-1, fluorophosphoric acid bisdimethyl amide
was synthesized and showed a pronounced systemic effect.
This compound was considered by Schrader to be too
toxic to mammals to be used commercially (Schrader 194-7).
However, Pest Control, Ltd., of England, now uses it
as the principal active ingredient of Hanane, as a soil
drench for the control of cocoa "swollen shoot" disease,
transmitted by mealybugs (Hanna et al 1952 and Nicol
1952).

This chemical is reported by Bond, 1953? to

give effective control of Planococcus kenvae (le Pelley)
when applied in solution to a slightly scraped bark.
Nicol, 1954-, reports that Hanane as a soil drench stopped
the formation of galls caused by a psyllid, Phytolvma
lata Walk.
Schrader questioned whether fluorine was necessarily
a part of a systemically active molecule.

He found

that if the molecule were doubled with simultaneous de¬
hydration, octamethylpyrophosphoramide, OMPA, was formed.
Ripper et al, 194-9, indicated that a Schradan
spray
.
has weak contact insecticidal effect and that a dry
residual film on plants is, by contact, almost noninsecticidal.

No fumigation effect was demonstrated

either of the substance itself or of the treated foliage.
Schradan, 194-7, however, stated that 100 per cent
mortality was produced by contact action at 0.05 per
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cent and again, that 100 per cent mortality of aphids
was produced by concentrations of 0.00? to 0.01 per cent.
Eaton, 1949, reported that Schradan acts as a fumi¬
gant as well as a contact poison but Jeppson, 1953?
stated that vapors resulting from application of Schra¬
dan were only slightly toxic to mites.
A consideration of various sources of information
leaves one rather confused as to the insecticidal ef¬
fectiveness of this material.

In general, however, all

authors agree that it is absorbed by root systems and
leaves and is translocated rendering the plant systemically toxic to many sapfeeding insects and mites.

OMPA

has been marketed in England by Pest Control, Ltd., as
Pestox 3 or Schradan, and in a limited way for ornamental
plant use in the United States.

Chemical and Physical Properties of Schradan
I

Formulas

3 24 4 3 2

Chemical Structures
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Alternate names for Schradan:
Octamethyltetramidopyrophosphate
Tetrakisdimethylaminophosphonous anhydride
Bis (bis dimethylaminophosphous) anhydride
Bis (dimethylamino) phosphonous anhydride
Bis (bis dimethylamine) pyrophosphate
Pyrophosphoryl tetrakis dime thy lamide
Pestox III
Pestox 3
Haller, 1952, reports that the committee on insecti¬
cide terminology has accepted the name Schradan.

Hence¬

forth, Schradan will be used for this organic phosphate
compound.
The commercial product is a dark brown viscous li¬
quid, having a slight but characteristic odor.

It is

said to have a taste similar to that of black pepper.
It is miscible with water in all proportions and

20-

is soluble in most organic solvents including ketones,
acetone, nitriles, esters, aromatic hydrocarbons, alco¬
hols, and xylene.
inert.

Chemically the material is fairly

It is not hydrolyzed by water or by weak alkali,

but it is hydrolyzed in the presence of acid (Martin
and Shaw 194-7).
N-P bond.

The acid hydrolysis first attacks the

Dime thy lamine hydrochloride and orthophos-

phoric acid are the ultimate hydrolysis products
(Ripper et al 194-9)•

Mode of action:
Metcalf and March, 194-9? found that Schradan has
very low toxicity to insects by either topical applica¬
tions or injection yet resulted in high mortality of
aphids, other sucking insects and spider mites by sys¬
temic action.

This phenomenon led to intensive research

into the plant and animal metabolism and mode of action
of Schradan.
Casida and Stahmann, 1953? believe that the dif¬
ference in susceptibility of insects to the toxic action
of Schradan does not appear to be due to their ability
to form the metabolite nor to detoxify it.

It appears

more probable that the susceptibility variation is due
to the sensitivity of the cholinesterase of the

-21

Individual insect species to the metabolite.

The cho¬

linesterase from the more resistant insects requires
from five to fifty times the amount of metabolite to
effect enzyme inhibition as does that from the more sus¬
ceptible insects.
The physiologically Important enzyme, cholinesterase,
is concerned with the enzymatic hydrolysis and synthe¬
sis of acetylcholine, a biological process that is es¬
sential for the metabolic cycle and function of nerve
cells.

Its inactivation in insects and mammals produces

very toxic effects.
Casida and Stahmann, 1953? agree with Ivy, 1953?
in reporting that Schradan is metabolized by plants to
form an anticholinesterase agent which is ingested by
sap-feeding insects.
Eventually Schrader considered the dialkyl thiophosphoric acids which are derived from the glycol
ethers.

These proved to be very effective contact in¬

secticide and its systemic effect surpassed the activity
of all previous compounds tested.
The diethyl thiophosphoric acid ester of ethyl
thioglycol ether was finally found to be one of the
most valuable compounds.

It is being marketed in this

country in a formulation under the trade name Systox,
trademark of Chemgro Corp., New York, N.Y.

It is
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readily absorbed from aqueous solutions by the roots
and leaves of living plants as well as through the
bark of some trees, such as citrus and avocados (Jeppson 1953).

Therefore, it has become the first organic

phosphate systemically active to reach commercial use
in the United States (Geary 1953)•

Chemical and Physical Properties of Svstox:

Formula!
Chemical Structure:

CH^-CH2-0

Alternate names for Systox:
Ethyl mercaptoethyl diethyl thiophosphate
Diethoxythiophosphoric acid ester of 2-ethylmercaptoethanol
o.o-diethyl-o-ethylmercapto-ethyl thiophosphate

Physical Characteristics of Technical Systox:
It is a light yellow oily liquid with a specific
gravity of I*ll83 and is soluble in most organic solvents.

-23Physical Characteristics of Systox emulsion:
It is a light brown, somewhat viscous liquid which
forms a colloidal solution in water.

It contains 50

per cent active trialkyl thiophosphate and 50 per cent
emulsifier (Thlosolve 4-2-lA).

Systox is Insoluble in

petroleum derivatives, however, emulsion can be formed
with oil and water.

It is compatible with most non-

alkallne spray materials except water soluble mercury
compounds.
Physical Characteristics of Systox Impregnated on Carbon:
It is a black free flowing powder containing 50
per cent active Ingredient impregnated on activated
charcoal.

Mode of Action;
There have been confused ideas so far as to the
mode of action of Systox, as to whether it acts as a
contact, or stomach poison or as a fumigant.

It is cer¬

tain that it is absorbed by the roots and foliage of
green plants and that it is transported in the transpi¬
ration stream through the xylem from the bottom to the
top, and that it kills sucking pests.
tox can affect insects as follows:

Therefore, Sys¬

24
1*

It acts as a food or stomach poison as it is
taken up by the insects i?hen they suck the
plant juices.

This mode of action is indica¬

ted by its selective action on sucking in¬
sects.
2.

It acts as a contact poison, the insects being
exposed to its action when feeding, through
the nerve organs located in the proboscis tip.
It acts as a fumigant, the material is trans¬
located from the bottom of the plant to the
top, and then it is slowly excreted during the
course of transpiration.

This excretion is at

least partially effective against pests.
Since the bodies of aphids and mites are so
close to the surface of the leaves, they are
probably exposed to higher concentrations of
the fumes than are larger insects (Chemgro
Corp. 1950).
Preliminary tests conducted in Germany indicated
that Systox in the vapor phase was highly effective
against aphids and mites.

Also leaves treated with Sys¬

tox produced a fumigation effect on aphids found 2 to
5 centimeters from the treated surface.

From these

tests, it was concluded that toxicity to insects and

-25mites is due to the original unchanged molecule (Chemgro 1950).
Ivy, 1953, in his report on chemical characteristics
of phosphorus compomads to kill aphids and spider mites
by systemic action, disagree entirely with the theory
of toxicity due to the original, unchanged molecule.
Ivy believes the mode of action of Systox to be
associated with potential sites of enzymatic associa¬
tion as a part of the chemical complex.

Accordingly,

Systox forms a molecular complex with plant enzymes or
other plant constituents.

Following ingestion of the

plant sap by the insect, the modified molecule attaches
to a vital insect enzyme, resulting in the insect mor¬
tality.
In the search for new insecticides, certain hetero¬
cyclic dimethyl carbamates, like certain phosphates, were
found to have a high degree of systemic as well as di¬
rect insecticidal action.

The compoixnd l-isopropyl-3-

methylpyrazolyl-5-dimethyl-carbamate, also known by the
code number G-236II, and the trade name, Isolan, has a
very marked systemic activity as determined by applica¬
tions to trunks of trees or stems of plants.

Chemical and Physical Properties of Isolans
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Formulas C^qH^^N^02
Chemical Structure:

CH3

CH3

Physical Characteristics:
This substance is a brownish liquid which is quite
soluble in water and organic solvents.

It is available

as technical Isolan as well as a 25 per cent aqueous
solution and a 10 per cent petroleum jelly formulation.
A petroleum jelly containing 10 per cent Isolan
has shown systemic action in preliminary tests when ap¬
plied to trunks of trees.

Green apple aphids and woody

apple aphids were killed in 2 to 5 days after treatment
and the trees remained free of aphids for from two months
to the entire season (Ferguson & Alexander 1953)•

Methods of Application of Systemic Insecticides
Schradan can be applied as a dust, aerosol, soil

-27drench or liquid spray.

Aerosols are used in greenhouses

especially for control of those aphids and susceptible
mites which are resistant to other insecticides.

The

ease with which Schradan dissolves in water makes spray
preparation a simple matter.

The soil drench method

gives perfect protection for several months while the
spray method is effective for two to four weeks.

As

yet, there has been no mention of trunk injection or
seed coating as a means of application (Monsanto Techni¬
cal 1953 )•
Systox can be applied directly to the foliage as
sprays of emulsions, or wettable powders, or dust compo¬
sitions.

The soil may be treated by liquid emulsions,

or dry powder materials.

Seeds, tubers, seedlings, or

cuttings can be directly immersed in emulsions of Systox
or coated with Systox on carbon.

Injections directly

into trees under pressure of seventy-five pounds per
square inch have also given quick, thorough kill of
mites, aphids, and some scale insects (Geary 1951)•
Isolan can be applied as dusts and liquid sprays
directly to the foliage.

Seed treatment with water solu¬

tions and soil drenches are also recommended.

This in¬

secticide has also been applied to trees as a band of
petroleum Jelly containing 10 per cent active ingredient
to the bark (Feruson and Alexander 1953)•
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Insectlcidal Tests
Procedure:
After a series of preliminary tests with one sys¬
temic insecticide, a group of experiments was set up to
determine the effectiveness of three systemic insecti¬
cides against certain insects attacking ornamental trees
and shrubs.

As mentioned previously the insecticides

selected were Systox, Schradan, and Isolan.

The methods

of application were restricted to soil drench of potted
plants and spray treatments.
The dosages for the various insecticides were deter¬
mined by preliminary experimentation and by the manu¬
facturer's recommendations.

Since Systox is generally

recognized as the most effective systemic insecticide
available, and was used exclusively in preliminary ex¬
periments, it was used as a basis for determining the
dosages of Schradan and Isolan to be used in field studies.
As the concentrations of each insecticide varied, the
dosage was figured on per cent of active ingredient.
All dosages were determined on the liter basis and were
prepared on that volume measure.
In order to measure exceedingly small amounts of
insecticide, a rubber aspirator with a five inch rubber
tube was attached to a ten milliliter pipette.

By
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compressing and releasing the rubber aspirator various
amounts of insecticide could be drawn into the pipette.
Also, by placing the thumb over the hole in the aspira¬
tor, it was possible to hold a definite amount in the
pipette.

This method enabled an exact amount of in¬

secticide to be transferred from the container to the
liter of water.
Spray applications were made with a small one
quart hand spray gun.

The solutions were sprayed on

the foliage until **runoff” occurred, however, great
care was taken to prevent excessive ”runoff” which
might be absorbed and translocated by the root system.
After each application, the sprayer was thoroughly
washed and cleaned before being reused.
In the soil drench of potted plants, varying
amounts of the diluted insecticide were applied.

It

was found that one liter of solution thoroughly wet
all the soil in a nine inch clay pot.

For the five

inch clay pots, five hundred milliliters drenched the
soil completely.

1/Vhen applying the insecticides in

this manner, it was necessary to apply a small amount
at a time and allow the solution to soak into the soil
before adding more solution.

The soil at the time of

application was moist, free of weeds, and the top inch
of soil loosened.

The pots were plunged in soil up to

-30the collar to prevent excessive evaporation from the
pots.

The plants were watered three times a week

throughout the experiment.

Discussion of Data of Insecticidal Tests
Tests on the Birch leaf miner
Gray birch seedlings, Betula populifolia two to
four feet tall, in an area containing large numbers of
the adult birch leaf miner, Fenusa pusilia. Lepeletier,
were used in two experiments involving the first and
second generations.

Using May 5? the date of emergence

of adults of the first generation, the materials and
concentrations listed in Table 1 were applied 1 day be¬
fore in the first soil application and 10 days later for
the other treatments.

Each of the insecticide treatments

and the unsprayed check consisted of four seedlings.
All treatments received one application as indicated.
During each of the four weekly periods, June 3 to June
30, ten leaves, selected at random from each tree, were
examined for live larvae or for mines in which larval
development had been completed.

The leaves examined

were the first or second basal leaves of a growing tip.
Previous studies on control of birch leaf miner by
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sulfate and chlordane were effective insecticides for
first and second generation birch leaf miner larvae
inside the leaves of gray birch when applied as sprays*
Kerr further states that regardless of the method or
methods by which the materials acted, the fact that
certain of them were capable of killing insects wholly
enclosed by plant tissue places them in the category of
systemic insecticides*
Matthysse and Naegele, 1952, report that control
of birch leaf miner by Systox was excellent*

Systox ap¬

peared to give the longest residual action of many in¬
secticides tested as evidenced by complete protection
sixteen days after treatment*

These findings are in

accord with the findings of the author as indicated in
the following tables*
The data in Table 1 indicate that the first genera¬
tion of birch leaf miner may be controlled effectively
by soil drench and spray treatments.

The soil drench

resulted in a more lasting protection than did the foli¬
age application*

Also the soil drench appeared to kill

the insect very shortly after the larvae emerged from
the egg whereas the spray treatment after the first
week took somewhat longer.

The birch foliage became

necrotic around the oviposition site and on some leaves
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Material

Systox
50^
Schradan 70S?

The value of several systemic insecti¬
cides for first generation birch leaf
miner larvae. Waltham, Mass., May-June
1953.
Concentration
Cent Miners Killed
14
21
28
7
days
days
days
days
.los? (soil)
95.4
98.4
96.3
97.7
98.2
98.1
98.2
98.0
.1035?

50|
Systox
Schradan 70S?

,10^ (spray)
.1035?

97.4
90.4

95.8
87.0

93.8
78.2

91.4
76.0

Systox
50%
Schradan 70%

.055? (soil)
.035^

95.8
87.8

98.2
83.3

97.0
80.5

95.8
78.8

Systox
Schradan 70^

,05% (spray)
.035%

94.0
80.0

92.2
67.5

91.4
64.6

87.1
62.5

*Tukey*s least significant difference for treatment 2.428
Tukey* s least significant difference for weeks

*

9.5425

A Modification of the standard least significant differ¬
ence between two means by G. Tukey of Princeton. For
method of computation see Table A. This method places
more emphasis on the standard deviation of the data
than the standard L.S.D. A significant difference oc¬
curs when the difference between two means exceeds the
value of Tukey*s L.S.D.

where egg deposition was heavy this produced very pro¬
nounced necrotic areas.
Phytotoxity was noted on the foliage of all seed¬
lings at the 0.10 per cent Systox and 0.103 per cent
Schradan concentrations when the insecticide was applied
as a soil drench.

No foliage damage resulted from any

-33spray treatment or from soil drench at concentrations
below the 0.10 per cent level.
The spray application does not appear to protect
the new growth as well as does the soil drench.

The

larvae in the sprayed foliage eat some of the mesophyll
before being killed.

The surface showed a small blister-

like swelling which in time broke open as the cuticle
dried.

As the toxicity of the insecticide lessened,

the larvae ate more of the leaf tissue before being
killed.

After four weeks the insecticides had little

effect on the maturing larvae.
The weather at the time of application was not
favorable for maximum absorption from the leaf surface#
The spray treatments were made when the leaves were wet
and the humidity was high.

Maximum absorption is favored

by warm, dry conditions, and this may have had an effect
on the lower mortality between first and second genera¬
tion larvae.
Significant differences resulted from the applica¬
tion of one liter of 0.05 per cent Systox and of 0.035
per cent Schradan on birch seedlings in nine inch clay
pots.

There is no difference in the per cent miners

killed between weeks in the Systox soil drench treatments.
This indicates that the insecticide is translocated and
remains toxic to developing miners in the new growth for

-34for twenty-seven days.

However, in the Schradan soil

drench there is a significant difference between the
first and fourth weeks indicating that the insecticide
is not translocated in toxic amounts to the new growth
or that it becomes inactivated after three weeks.
In the spray treatments, Systox at 0.10 per cent
shows an appreciable difference from Schradan at 0.103
per cent.

There is a difference in degree of control

obtained from the 0.103 per cent Schradan after twentyone days, but is not evident in 0.10 per cent Systox.
The spray application of Systox 0.05 per cent and
Schradan .035 per cent shows a very pronounced difference.
The Systox spray does not result in any difference after
four weeks but Schradan at two weeks results in a sig¬
nificant decrease in per cent miners killed.
These results seem to indicate that Schradan is
less effective in controlling the first generation birch
leaf miner than Systox at comparable concentrations.
Preliminary experimentation conducted in 1952 on
second generation birch leaf miner larvae with Systox
and Parathion indicated that Systox at various concentra¬
tions might result in effective control either by soil
drench or spray treatment.

The first two concentrations

of Systox listed in Table 2 were applied June 25 and the
last three concentrations were applied July 3*

Each
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Insectlclde treatment and check consisted of three rep¬
licated trees and all the trees were treated once.

Dur¬

ing the three week period from July 3 to July 24 random
samples of ten leaves from each tree in each treatment
were examined for larval mining activity.
Table 2.

The value of several systemic insecti¬
cides for second generation birch leaf
miner larvae. Waltham, Mass., July
1952.

Material

Concentration

Per Cent Miners Killed

7

Systox 50^
Systox 50^
Systox 50%
Systox 50% (spray)
Parathion
Check

days
98.7
96.7
95.4
98.5
50.0

205^

.10%
.05%
.05%
.10%

14
days
99.0
98.4
98.2
91.2
53.1

21
days
98.2
97.7
97.7
91.4
51.8

2.31

Tukey*s least significant difference for treatments 1.759

The data presented in Table 2 show that all concen¬
trations of Systox, except Systox 0.0? per cent as a
spray resulted in effective control.

In the soil drench,

there is a significant difference between Systox 0.20 per
cent and Systox 0.10 and 0.05 per cent in per cent miners
killed, however, the two former concentrations resulted
in severe phytotoxicity to the terminal growth.
There was no difference in per cent miners killed

-36over the 21 day period for any treatment which indicates
that Systox remained active in the terminal leaves for
a period of three weeks.
Utilizing June 26, the date when the adults of the
second generation appeared first, as date of origin,
s

the spray treatments listed in Table 3 were applied one
week later.

The soil drench treatments were made June

18 in anticipation of the second generation occurring
about the 25th of June.

Each insecticide treatment and

check consisted of 4 replicated trees.

As in the first

experiment, all the trees were treated once.

During

the period from July 7 to July 28, the terminal leaves
on ten twigs selected at random from each tree in each
treatment were examined for live larvae or for mines
in which larval development had been completed.
As shown in Table 3} Systox at all concentrations
was effective in controlling birch leaf miner larvae.
Both soil drench treatments resulted in excellent control
but Systox, at 0.10 per cent, caused severe phytotoxicity.
Schradan soil drench at 0.103 per cent like Systox
0.10 per cent produced severe phytoxicity.

Schradan

.035 per cent shows a slight decrease in per cent mor¬
tality after 21 days Indicating that the material loses
its effectiveness sooner than Systox at similar dosages.
Isolan, a dimethylcarhamate, resulted in excellent
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Material

The value of several systemic in¬
secticides for second generation
birch leaf miner larvae, Waltham,
Mass., July-August, 1953.
Concentration

Per Cent Miners Kille
7
days
100
100

14
days
100
100

21
days
100
100

100

100

95.1
90.6
100

Systox 50^
Schradan 70^

.lOjS (soil)
.IO35S

Systox ^0%
Schradan 70%
Isolan 25%

.10^ (spray)
.1035?

.10^

100

100

Systox ^0%
Schradan 70%
Isolan 25^

.05^ (soil)
.03552

98.6
95.6
100

100

Systox ^0%
Schradan 70%
Isolan 2^%

.05^ (spray)
.07^

.0552

.05%

Check

95.3

94.5

94.3

100

100
94.7
26.0
1.85

97.7
91.5
25.0
1.43

100
87.8
100

94.4
88.6
20.4
.84

control when applied by soil drench at a concentration
of 0.05 per cent.

Various concentrations of Isolan above

0.05 per cent caused severe phytotoxicity.
In both spray applications, Schradan did not appear
to be as effective in control of the birch leaf miner
as did Systox.

Schradan was effective for two weeks at

0.103 per cent then lost some of its toxicity after this
period.

At a concentration of 0.07 per cent spray the

length of effectiveness was reduced to one week.
Isolan at 0.10 per cent resulted in excellent control

-38for the three week period of observation.

However,

Isolan spray at 0.05 per cent resulted in a very sig¬
nificant reduction of per cent miner killed.

In pre¬

liminary experiments with Isolan, it appears that this
insecticide has very narrow limits between effective
control and phytotoxicity for control of the birch
leaf miner on gray birch.
In late July, examination of the foliage of trees
included in the first experiment revealed that the ter¬
minal leaves on trees in all treatments except where
phytotoxicity occurred were infested with second genera¬
tion larvae as severely as those on untreated trees*
None of the systemic insecticides effective against
larvae of the first generation were of value against
those of the second generation in leaves produced on
the same tree later in the season.

Preliminary experiments in the control of Taxus mealybug.
Small Yews, Taxus cusoidata. one to two feet tall
were planted in eight inch clay pots and were infested
with first generation Taxus mealybug. Pseudococcus
cuspldata (Rau).

These plants were to be treated with

three systemic insecticides after the infestation had
become established.

Each treatment consisted of three

-39replicates and each application was made once as indica¬
ted in Table 4,
The first attempt to transfer the adult mealybug
to establish a population resulted in a failure.

The

adults were transferred individually by means of an
artist’s paint brush.

After fifteen adults were placed

on the foliage, the pots were moved to a greenhouse to
prevent the insects from becoming blown or washed off
the plants.

After a few days, the plants were checked

and very few insects had settled down to resume feeding.
It was the opinion of the writer that the greenhouse at
this time of year was too hot and dry for mealybugs to
survive. The temperature in the greenhouse at the time
o
was 100 F and over for several days in succession. The
temperature factor was substantiated by the many adxilts
which were found walking around on the soil and settling
on the sides of the pots which were cooler and more moist
than the plant foliage.

It was also realized that in

transferring the adults injury might result directly by
the piercing of the body wall or removing the insect
while its mouthparts were imbedded in plant tissue or
indirectly by interfering with other functions.
A second attempt to establish a population was made.
Ten adults were transferred to the plants and the pots

-40
placed in a cool, shaded area.

The infested twigs were

allowed to wilt slightly to force the adults from the
twigs and then the insects were gently placed on the
potted plant.

This technique resulted in a greater per¬

centage of survival.

However, to establish a popula¬

tion of sufficient size to conduct an experiment it was
necessary to transfer a large number.

Instead of trans¬

ferring individuals it was decided to move entire egg
masses of ten females of the second generation.

This

operation was completed the first of August and by the
middle of August the plants were infested with first
instar larvae.

The data were obtained by counting the

number of individuals found feeding on the plant on
September 13.

The per cent reduction of developing

mealybugs was then computed from the check.
The data presented in Table 4 show that Taxus
mealybug may be effectively controlled by 0.10 per cent
Systox soil drench.

At this concentration, there is

not appreciable difference in control whether the di¬
luted insecticide was applied on July 3 or August 13,
indicating that Systox retains its toxic effect on
mealybugs for a period of six weeks.

There is, however,

a difference between per cent mortality for the 0.05 per
cent Systox soil drench on June 26 and 0.05 per cent
Systox applied on August 13.
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Material

The value of several systemic insecti¬
cides for control of Taxus mealybug on
Taxus* Waltham, Mass., June-September
1952.
Concentration

Date
Applied

Av.no. of Per Cent
mealybugs Reduction
per plant

Systox 50%
Schradan
Isolan 25^

.03^

11.0
42.3

.05%

35.3

Systox 50^
Schradan 70%
Isolan 2^%

.105?
.1035?
.10%

3 July

Systox 50^
Schradan 70%
Isolan 2^%

.105?^
.10^
.105?

13 August

26 June

5.0
24.7

75.6
6.0
21.6
88.9
45.2

26.0

4-2.3

1.7
8.7
16.0

96.3
80.7
64.5

45.0

Check

Tukey*s least significant difference 18.7

The Schradan treatments all show a significant dif¬
ference in per cent mortality between each date of appli¬
cation.

In all tests, Schradan resulted in a lower per

cent mortality than Systox at comparable concentrations.
Isolan exhibited different degrees of control depending
on date of application.

It was the least effective of

the three insecticides.

Soft Brown Scale on Holly
Soft brown scale^ Coccus hesoerldum linne, is said

•42" to be a general feeder which attacks many plants in the
greenhouse*

This scale insect, which often remains in¬

conspicuous because of its tendency to assume the color
of the twigs or leaves upon which it is feeding, does
great damage to greenhouse plants.

The lower sides of

the leaves are sometimes heavily infested with light
green to brownish scales which often choose the petioles
or twigs and upper parts of the trunk on which to develop
their mature stages.

The scale is rather large, oval,

at first rather flat and marked off in more or less
definite areas, later somewhat convex.
Since the adult female is ovoviviparous, produc¬
ing one or two young insects each day for a month or
more, the grower must be persistent in order to bring
about satisfactory control.

Metcalf & Flint, 1939j

recommend spraying with nicotine sulfate and soap at
weekly Intervals until the young insects are all killed.
With the advent of organic systemic insecticides with
their extended period of toxicity, fewer applications
might result in satisfactory control.
To conduct systemic insecticide experiments, potted
holly plants. Ilex latlfolla. Infested with soft brown
scale were obtained.

The plants were rooted in five

inch clay pots and five hundred milliliters of the di¬
luted insecticide was applied to each pot.

Each
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treatment and check consisted of three replicates and
the soil drench treatment was made once at each concen¬
tration as shown in Table

Data were obtained at

weekly intervals starting two weeks after treatment and
continuing for four weeks*

Random samples of ten leaves

from each plant in each treatment were examined for
living scale*
Table 5*

Material

•

The valuet of several systemic insectl
cides to control Coccus hesoeridum.
Waltham, Mass *, July-September 1953*
Concentration

Per Cent Mortality
2 wks* 3 wks * 4 wks* 5 wks

Systox 50^
Schradan 10$
Isolan 2%

.05^
.035^
.05^

80.6
24*4
32*0

90.0
26.0
55.8

94*0
25.4
60.2

94.9
20*2
47*2

Systox ^0$
Schradan 70$
Isolan 25?^

.10^
.1035?
.1056

97.1
30*1
44*0

97.5
50.0
51.4-

98.9
55.3
57.1

97.7
54.2
56.3

5.6

7.2

6*8

7.0

Check

Tukey*s least significant difference 10.716

The data presented in Table 5 indicate that 0.05 per
cent Systox was effective in controlling soft brown scale
on holly*

Systox 0*10 per cent shows an initial higher

per cent mortality than Systox 0*05 per cent after two
weeks, but this difference between treatments becomes
less pronounced in the following weeks and at the

termination of the experin»nt the difference is only
2.8 per cent.

In both treatments there is no appreci¬

able difference in per cent mortality between weeks.
Sohradan at concentrations of 0.03? per cent and
0.103 per cent show an appreciable difference in per
cent mortality two weeks after treatment.

However,

the per cent mortality is considerably lower than that
produced by Systox and is not considered an effective
means of controlling this Insect.
Isolan 0.05 per cent and 0.10 per cent soil drench
show no significant difference in per cent mortality
between the two concentrations and is not considered
effective in controlling soft brown scale on holly.

Typ-spotted Mite on Roaoa
Two spotted mite, letranychus blm&culatus Harvey,
has long been a past of greenhouse crops*

Various con¬

trol measures, both chemical and mechanical, have been
attempted to find a method of controlling the mite.
Older methods Included sprays of oil derrls or cube ex¬
tract and sulphur, fumigating with sulphur or nicotine
and dusting with sulphur.

Syringing with water was

frequently used as a mite control.
Experiments were conducted to determine the
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effectiveness of systemic insecticides against the two
spotted mite on Talisman roses.

Two rose plants were

transplanted in twenty-two inch by twelve inch wooden
flats which then comprised one unit in the experiment.
The plants were infested with the mite and allowed to
build up a large population before treatment.

Each

concentration listed in Table 6 was applied as a soil
drench once.

The data were obtained by counting the

mites on ten leaves selected at random from each plant
in each treatment.

The counts were taken two weeks

after application and at weekly intervals for the
following month.
The data in Table 6 indicate that two spotted mite
on Talisman rose was effectively controlled by soil
drenches of O.OO3I per cent Systox and 0.0035 per cent
Schradan.

The Systox treatments appear to be effective

for a longer period of time than do the Schradan treat¬
ments.

At the end of the experiment, the Schradan

treatments showed an increase in the population indicat
ing the Schradan was beginning to loose its effective¬
ness against mites.
Isolan soil drench at O.OO63 per cent did not show
effective control against the two spotted mite at any
time during the experiment.

-46Table 6.

The value of several systemic insecti¬
cides against two-spotted mite, Waltham,
Mass., June-August 19?3«

Material

Concentration

Systox 50^
Systox 50^

.0031^
.0062^

2.1
.4

.18

.055

.095
.05

Schradan 70^
Schradan 7C^

.0035^
.0070^

1.3
1.0

.5

.055

Isolan 255^
Isolan 2^%

.00315S
. 00635^

17.1

14.9

Check

Average No. Mites per Leaf
2 wks. 3 wks. 4 wks.
5 wks

.1

12.5

13.0

20.4

23*2

.04
.01
1.9
1.8

.041

10.5

13.4
13.0

25.0

27.6

12.5

Preliminary Tests on Two PhvtoDhaeous Insects
1. Japanese Beetle
Tests in 1952 to determine the effectiveness of
systemic insecticides against Japanese beetle, Poplllia
.laponica Newm. were performed.

Fresh elm branches

placed in water were sprayed with 0.20 per cent Systox
and with 0.21 per cent Schradan and infested with adult
Japanese beetles after the spray had thoroughly dried
on the leaves.

The activity of the beetles was equal

to that on unsprayed leaves and the insecticides, as
used, showed no significant effect on the insect.
Soil drenches at concentrations below Systox 0.10
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per cent and Schradan O.IO3 per cent did not result in
significant mortality.

At concentrations higher than

0.10 per cent, phytotoxicity was evident.
These results are in agreement with those of
Langford, Harding and Lall 1953? who report that Systox
and Schradan, when applied as systemics, did not appear
to have value in killing beetles feeding on foliage.
These authors do report that it was possible to use an
insecticide at dosage levels that were effective for
killing beetles when applied directly to insects as
sprays.

The knockdown rate was relatively slow and

kills from aging residues fell sharply after the second
day in the case of Systox.

Systox, however, was more

effective than Schradan.
2. Elm leaf beetle
Larvae of the elm leaf beetle, Galerucella xantho¬
me la ena (Schrank), were placed on treated elm foliage
to test systemic action of the insecticides.

Soil drench

and spray treatment were made to determine if systemic
insecticides might be an effective means of control of
this insect.
Soil drench treatments on potted elm seedlings at
concentrations above 0.10 per cent Systox or Schradan
resulted in severe phytotoxicity and the larvae did not

-48feed on this foliage.

At concentrations below 0.10 per

cent, there was no significant mortality.
In the spray treatments, healthy elm foliage was
treated thoroughly with various concentrations of the
systemic insecticides.

Two days later the branches

were cut and placed in water.

Ten larvae were placed

on the foliage and allowed to feed for one week.
Schradan at various concentrations up to and in¬
cluding 0.28 per cent and Systox O.3O per cent resulted
in some mortality.

However, they are considerably

higher than the recommended dosages for effective con¬
trol by systemic action.
From the work on chemical characteristics of phos¬
phorus compounds by Ivy, 1953? these materials appear
to offer outstanding promise only in control of aphids,
some plant-feeding mites, and a limited number of other
sucking insects.

These known systemics have not indica¬

ted outstanding promise in preliminary tests to control
chewing insects and a wide range of sucking insects.
As is true with conventional Insecticides, each toxicant
may be restricted in effectiveness to a few pest
species.

Spruce gall aphid

-49Spruce gall aphid, Adelges abletls L, is not a
serious pest of Spruce under forest conditions, since
only a small proportion of the trees are severely in¬
jured.

However, ornamental and nursery stock may be

heavily Infested, resulting in stunted, deformed trees.
Killing of the twigs occurs only if the galls completely
encircle them.

Individual trees vary greatly in their

susceptibility to attack.

Craighead, 1950, estimates

that approximately one-third of the spruce trees in
Southern New England are entirely immune and the over¬
wintering females that attempt to feed on them die.
Methods of control recommended by Wilford, 1937>
consist of removing and burning galls from infested
trees, by fumigating infested nursery stock with hydro¬
cyanic acid gas, or by a thorough application of a 1
per cent spray solution of good miscible mineral oil
in the spring.
Dodge and Rickett, 194-8, advocate a spray in early
August of nicotine sulfate and soap.

However, it is

better to spray in early spring while the trees are
still dormant, with lime sulphur 1:9Experiments were conducted on spruce gall aphid to
determine if systemic insecticides would give effective
control after the development of galls.

Potted Norway

spruce, ^Icea excelsa. were Infested in late summer and

-50early fall with mature, winged forms and were allowed
to start gall formation the following spring before
soil applications were made.

Spray treatments were

made on large, rooted trees at various times through¬
out the gall development.
Table

Material
Systox 50^
Schradan 70^
Systox 50%
Schradan 70%
Schradan 70%
Material
Systox 50%
Schradan 70%
Systox 50%
Schradan 70%
Systox 50%

The value of several systemic insecti¬
cides against gall aphid, Waltham,
Mass. July-September 1953*
Soli drench
Concentration

.20%
.21%
.30%
.35%
*21%

100
84.1
100
87.2
(2 applications)

Spray treatments
Concentration
.20je

.21%
.25%
.28%
.30%

Per Cent Mortality

100

Per Cent Mortality
2 weeks
3 weeks
40.8

66.6

58.7

77.5

60.2

78.3

The data presented in Table 7 indicate that Spruce
gall aphid may be effectively controlled on potted Nor¬
way Spruce by one soil application of Systox or two ap¬
plications of Schradan at 0.20 per cent when treated
shortly after the gall begins development.

One

-51application of Schradan at 0.21 per cent and 0.35 per
cent shows no appreciable difference between per cent
mortality.
Spray concentrations as shown in Table 7 were ap¬
plied thoroughly to individual branches which contained
numerous developing galls.

Systox spray treatments

affected only the top portions of the galls where the
material could be absorbed.

On the underneath portions,

where the spray ran off more rapidly, the aphids re¬
mained normal and matured.

Schradan spray treatments

showed no appreciable difference on either side.

Other insects
Attempts were made to infest white pine, Pinus
strobus with pine-needle scale, Phenacaspls pinlfollae
(Fitch).

Approximately twenty-five individual crawlers

were placed on the pine foliage by means of an artistes
paint brush.

Soil treatments were made in anticipation

of the settling and maturing of the larvae.

However,

very few larvae were observed on the foliage one week
later, so this experiment was abandoned.
Another attempt to infest foliage with Immature
scale was made.

Brown scale, Eulecanium cornl (Bouche),

was transferred to Taxus by the same technique as used

-52for pine-needle scale and it likewise resulted in very
few crawlers settling on the foliage.
Transferal of second generation crawlers of Euonymus
scale, UnasPis euonvml (Cornst.) was attempted.

The

crawlers were placed on paper and then carefully shaken
onto the plant foliage.

The scales did not appear to

settle so the experiment was discontinued.
Larvae of the introduced pine sawfly, Piorion
simile (Htg.) were placed on white pine foliage in early
June to determine if systemic insecticides would control
this insect.

However, after transferal the insect

would not feed properly on the foliage resulting in
inconclusive data.

Phvtotoxicity
\

As mentioned in previous sections, phytotoxic symp¬
toms appeared on the foliage of deciduous trees follow¬
ing all soil drenches at concentration's of 0.10 per
cent or greater of the insecticides used.

Injury was

characterized by marginal and intercostal necrosis,
curling and drying of leaves and in severe phytotoxicity
a premature defoliation.
Potted birch seedlings showed injury approximately
one month after application.

Marginal necrosis was

-53noted first on the older leaves, followed by inter¬
costal chlorosis which later became necrotic.

In all

instances, the intercostal injury appeared to start
at the margins and proceed back toward the mid vein.
Both Systox and Schradan at 0.10 per cent did not
affect the new succulent growth to any noticeable ex¬
tent and adult miners still oviposited in the new
leaves.

However, Isolan at 0.10 per cent produced

severe injtiry which stunted growth and made new foliage
unattractive for egg deposition.

Premature defoliation

was evident on seedlings at this concentration.
Phytotoxicity tests were conducted on potted sil¬
ver maple.

Systox at 0.20 per cent produced a severe

injury which caused a complete defoliation five weeks
after application.

The entire leaf seemed to be affected,

apparent necrotic areas appearing on the leaf first.
The leaves were noted to dry out and curl up - a condi¬
tion ^similar to water deficiency.

All potted plants,

however, were watered at frequent intervals throughout
the experiments.

Within two months after application,

buds broke and new leaves were produced.

Schradan at

0.20 per cent also showed severe injury, but the leaves
did not drop as rapidly as in the Systox treatment.
The distal parts of the leaves were heavily marked with

-54necrotic areas.

New foliage was also produced on these

treated seedlings.

Soil drenches on potted elm at con¬

centrations of 0.15 per cent Systox or of the same con¬
centration of Schradan severely scorched the leaves ap¬
proximately one month after application.

Five weeks

after treatment many leaves had dropped and after two
months new buds had formed.

All new foliage produced

on treated seedlings appeared normal.
Applications of Systox 0.15 per cent and of Schra¬
dan 0.15 per cent were made to small seedlings rooted
outdoors to see if injury would occur under natural
conditions.

Injury similar to that which occurred on

potted plants was evident.

Leaf scorch and leaf drop

progressed from the lower branches toward the top.
Other leaves were light colored.
No injury resulted from any spray treatments on
decidous foliage.
No damage was observed from any soil drench applica¬
tions or spray treatments used on coniferous foliage.
Intensive studies on metabolism of Schradan in
plants by Casida et al, 1952, indicate that Schradan
is metabolized by plants, forming an active cholinesterase
inhibitor monophosphoramide oxide before final break¬
down to orthophosphate dimethylamine and other

-55degradation products.

Phytotoxicity of Schradan to

plants appears to be associated with this metabolite.
A definite interaction occurs in plants between Schradan
absorption, its oxidative metabolism, and the inhibition
of the plant phosphatase enzymes (Casida and Stahmann

1953)•

A partial explanation of the phytotoxicity by

Schradan may thus be found in its conversion to the
phosphoramide oxide, which then inhibits phosphatase
and other essential plant enzymes*

«

4
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Figure !♦ Phytotoxicity on gray birch caused by
Schradan 0,10 per cent soil drench.

Figure 2. Phytotoxicity on gray birch caused by
Systox 0.10 per cent soil drench.

Figure 3* Phytotoxicity on gray birch caused by
Isolan 0.10 per cent soil drench.

Figure 4. Phytotoxicity on silver maple
Top left, Schradan 0.20 per cent
.
Top right, Systox 0.20 per cent
Lower, normal leaf

I
I
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Figure 5* Phytotoxicity on Elm caused by
Schradan 0,15 per cent soil drench.

I

a
1

'

Figure 6. Phytotoxicity on Elm caused by
Systox 0.15 per cent soil drench.
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Experiments with three systemic insecticides,
Systox, Schradan, and Isolan were conducted for the purpose of developing concentrations that would control
some pests on ornamental trees and shrubs.

These pests

included Birch leaf miner, Taxus mealybug on taxus.
Soft brown scale on holly, two-spotted mite on rose,
two phytophagous insects on elm, and Spruce gall aphid.
The methods of application were restricted to soil
drench of potted plants and spray treatments.
On the birch leaf miner, Systox was more effective
than Schradan against first generation larvae.

Climatic

factors such as moist, cool weather in late spring may
reduce the absorption of systemic insecticides and con¬
sequently reduce the larval mortality.

Second genera¬

tion larvae were controlled by both Systox and Isolan
sprays at 0.10 per cent concentrations.
Phytotoxicity was evident at 0.10 per cent soil
drench for all insecticides tested on deciduous foliage.
The injury was characterized by marginal and intercostal
necrosis, curling of leaves and premature defoliation.
No injury was evident from any spray application.
Preliminary tests indicated that Taxus mealybug
on Taxus and soft brown scale on holly was controlled
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by soil applications of 0.10 per cent Systox.

The di¬

luted insecticide was applied at the rate of 1 liter
per 8 inch clay pot for the infested Taxus and 500
milliliters for the infested holly plants.

In all

cases, Systox proved to be the most effective systemic
insecticide for control of these Insects.
Two-spotted mite on rose was effectively controlled
by soil drenches of O.OO31 per cent Systox and 0.0035
per cent Schradan.

The diluted insecticide was applied

at the rate of 2 liters per flat, which held approximately
2 square feet of soil.

Isolan soil drench at O.OO63

per cent did not effectively control this mite.
These systemic insecticides in these tests were
not effective in controlling elm leaf beetle larvae
or Japanese beetles feeding on treated elm foliage at
recommended dosages.
Tests on potted Norway spruce indicate the spruce
gall aphid was controlled by one soil application of
Systox or two applications of Schradan at 0.20 per cent
when treated shortly after the gall begins development.
The material was applied at the rate of one liter per
8 inch clay pot.

Spray applications did not reduce

the populations significantly.
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-72An Explanation of Tukey’s Test of Significance of
Difference Between any two Means in an
Analysis of Variance
Before using the value ”Ts,” a significant dif¬
ference between any two means in an analysis variance,
the F-test must be valid and the ”F” for treatments
must be significant at the specified probability.
The formula for *'Ts” is
Ts = (q (^)^) (s2)i
"q” is the range of treatments divided by the
standard deviation of the treatments.

These values

are usually found in prepared tables.
”r'* is the number of replicates.
is the mean square of the experimental
error.
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Table A.

An analysis of the effects of two
systemic insecticides on first
generation birch leaf miner, 1953«

Blocks

Weeks

Block 1

Wk
Wk
Wk
V^k

1
2
3
4

Total
Block 2

Block 4

Wk
Wk
Wk
Wk

mortality
Schradan
98.2
90.4
87.8
80.0

Total
194.5
187.8
183.6
174.0

356.4

739.9

95.495.8
98.2
92.2

98.1
87.0
83.3
67.5

193.5
182.8
181.5
159.7

381.6

335.9

717.5

97.7
93.8
97.0
91.4

98.2
78.2
80.5
64.6

195.9
172.0
177.5
156.0

379.9

321.5

701.4

98.4
91.4
95.8
87.1

98.0
76.0
78.8
62.5

196.4
167.4
174.6
149.6

Total

373.7

315.3

688.0

Total

1517.7

1329.1

2846.8

Wk
Wk
Wk
Wk

Wk
Wk
Wk
Wk

96.3
97.4
95.8
94.0

%

383.5

1
2
3
4
Total

Block 3

Insecticides
Systox

1
2
3
4

1
2
3
4
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Analysis of Variance
D.F.

Sum of Squares

Mean Sqi

1
3
3

307.46
126.54
184.05

307.46
42.18
61.35

First order interations
Insecticide x Blocks
Insecticide x Weeks
Blocks X Weeks

3
3
9

30.46
85.95
187.37

10.15
28.65
20.82

Second order interations
Treatments x Blocks :
Weeks

9

108.65

12.08

31

2060.42

Source of Variation
Main Effect
Insecticide
Blocks
Weeks

Main Effect
Insecticide
Blocks
Weeks

25.4
3.49
5.07

5.12
3.86
3.86

Second order interactions
Treatment x Blocks - Treatment x Weeks - Blocks x Weeks
1.68
3.00
Tnkey’s least significant difference
Ts = 3.20X .50 X 3.47
Ts = 2*428 for treatments
Ts = 4.50

X

.50

X

3.47

Ts * 9.5425 for weeks
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Table B*

Insecticide
Systox
Systox
Systox
Parathion
Systox

An analysis of the effects of two
insecticides on second generation
birch leaf miner, 1952.
Concentration

Weeks
1st wk

.205?
.105?
,05%
.105?
.0%

98.7
96.7
95.498.5
50.0

99.0
98.4
98.2
91.2
53.1

439.3

439.9

Total
^

mortality
Total
2nd wk 3rd wk
%

98.2
97.7
97.7
91.4
51.8

295.9
292.8
291.3
281.1
154.9

436.8 1316.0

Analysis of Variance

Source of Variation
Treatment
Weeks

D.F.

Sum of Squares

4
2

8

4927.426
1.09
3.27

Tukey*s least significant difference
Ts = 4.9 X .57 X .63
Ts - 1.759 for treatments

^
Mean Square
1231.856
.545
.407

F
3026.65
1.33

-76Table C.

Insecticide
Systox
Systox
Systox

An analysis of the effect of three
systemic insecticides on Taxus
mealybug.
Concentration

Replicates
2
1
1

Total

.loje

18
2
1

5
7
3

10
6
1

33
15
5

Schradan
Schradan
Schradan

.035^
.103^
.103^

45
13
1

40
26
18

42
35
7

127
74
26

Isolan
Isolan
Isolan

.05^
.10«
.ic^

36
30
13

40
28
10

30
20
25

106
78
48

40

50

199

227

45
221

135
647

.05^
.

Check
Total

\

Analysis of Variance
Source of
Variation

D.F.

Replicates
Treatment
Error

Sum of Sauares

Mean Sauare

2
?
lo

43
6536
748

215
726.2
41. 5

29

1427

Tukey*s least significant difference
Ts = 5.1 X .57 X 6.44
Ts = 18.717 for treatments

F

P,05

.505 3.55
2.46
17 .5
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Table D,

An analysis of the effect of three
systemic insecticides against soft
brown scale*

Insecticide

Per Cent Mortality
2nd
3rd
Ath wk.

Weeks
^th wk.

Total

Systox .05/8
.10^:

80.6
97.1

90.0
97.5

94.0
98.9

94.9
97.7

359.5
391.2

Schradan .035/8
.10358

24.4
30.0

26.0
50.0

25.4
55.3

20.2
54.2

96.0
189.5

I solan .0558
.10^

32.0
44.0

55.8
51.+

60.2
57.1

47.2
56.3

208.8

5.6

7.2

6.8

7.0

313.7

377.9

397.7

377.5

Check
Total

26.6
1466.8

Analysis of Variance
Source of
Variation

D.F.

Treatment
Weeks
Error

6
1
lo

Sum of Sauares
2571.9
699
375
3645.9

27

Mean Sauare
4286.5
233 „
20.8

F

P,05

206
2.66
11.2 3.16

Tukey*3 least significant difference
Ts = 4.0

X

.37

X

4.56

Ts = 5.7488 for weeks

Ts * 4.7 x .5 x 4.56
Ts = IO.716 for treatments
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